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STRUCTUR-ACTIVIfl RLATIONSHUPB AV LXckL
STUDI" ON COSROIOX[N

StuIjA o, Ij tatus of Fros Amino Aid CSrbori Grouge in
Cobrotoxin

The status of frea amino groups in cebestouin was studied by
stepviso modificatian with trinitrobensene sulmte. Lyo-27 was
elactivoly modified without altering the activity of cobrotaxin.

However, complete loss o*2 the activity wes ebserved whee Lye-27
and Lyo-47 were trinitrophonylated, suggesti a that the i-eaine
group of Lyo-47 is essential for the activity of cebrotoxin.

The a-amino group of N-terminal leucine had not any correlation
vith activity was demonstrated by guanidistam of the lyaine
revidueo with O-uthylisourea followed by trialtpenyiation of
the -amino group.

The carboxyl groups in cobrotoxin we mdified with glycine

methyl otor after activation with wter-solable carbodiimide.
Si: out of seven free carboxyls reacted in the absence -f guant-
dinc-IICL without altering the biological activity. When the

remzining carboxyl wa modified in the presume of 5 N guanidine-
MCI, the resulting toxin wan devoid of activity. This fburied'
carboxyl is essential for activity and ws fdmUfls as the
r-carbonl group of Gu-at.



ABSTRACT

Studies on The StAtup of Free AmiW and SerbxYi Grous in
Cobrotomin

The two-dimsnsional structure of cobrotoxin has recently boom
establiahed and permits a study of structure-activity relation-
shipa.. Preceding studies on the chemical medification of the
single tryptophan and two tyrosyl residues in cobrotoxin suggested
that either the intact tryptophan residue or the ?yr-25 is esseatial
for full activity of the toxin.

Cobrotoxin Is a basic protein having fl fro ain groups.
one on N-terminal louclne and three on lysine residues at posi-
tions 26, 27 and 47. The status of free amino groups in cobro-
toxin was studied by stepwise modification with trinitrobensem
sulfonate. Lys-27 was selectively modified without altering tOe
activity of cobrotozin. However, complete loss of the activity
was observed when Lys-27 and Lys-47 were trinitrophenylatod,
suggesting that the r-amino group of Lys-47 Lo essential for
activity of cobrotoxin. The o-aino group of N-tersinal leucine
had not any correlation with activity was demonstrated by g9-ni-
dination of the lysine residues with O-methylsouroa followed by
trinitropbenylation of the c-auino group.

Cobrotoin contains seven free carboxyls, four an glutamyl
and two on aspartyl residues, and one on C-terminal asparagine.
The carboxyl groups in cobrotoxin were modified with glycine
methyl ester after activation with water-soluble carbodiimido.
Six out of seven free carboxyla reacted in the absence of guani-
dine-HCl without altering the biological activity. When the
remaining crrboxyl was modified in the preconco of 5 N guanldine-
HCI, the resulting toxin was devoid of activity. This "buriedw
carbovyl in essential for activity and was Identified the
carboxyl group of Glu-21.
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Studies on The Status of Free Aono and Carbo,-:yl Grouas in
Cobrotoxin

1. Introcdction

The two-dimensional structure of cobrotexin has rocently boon
established by Yang A% aL. (1,2) and permits a study of structure-
activity relationships. Prc'1i.i e idlea (~,4) on tho chemical
modification of the single tryptophan and two ty-osyl rosiduee in
cobrotoxin suggested that either the intact tryptophan reoieuo or
the Tyr-25 is essential for full activity of the toxin.

Cobrotoxin is a basic protein having four free amino groups,
one on N-terminal leucine and three on lysine residues at positions
26, 27 and 47- In this communication, the statue of free amino
groups in cobrotoxin was studied by trinitrephenylation with trial-
trobensene sulfonato (OBS). The reaction was reported as
specific for free primary amiao groups and can be followed opec-
trophotometrically (5-7). Cobrotoxin was as guanidinated with
0-methylisourea followed by trinitrophonylation to elucidate the
correlation of k-amino group with the biological activity of the
toxin.

Cobrotoxin contains seven free carbox,l groupo, four en
glutamyl and two on aspartyl eoiduos, anid one on C-tor..,inal

aosparagine. In order to examine tho inportauco of the froe
carbo-yla for toxicity, the carboxyl groups wore modifiod by the
water-soluble carbodiiuide-nucleophilo procedure devolopod by
loshland Jr. et ol. (8,9)

From the results of this investigation, the amino and
carboxyl groups which are essential for the biological functions
of cobrotoxin have been-differentiated, and the positions of these

L groups in the sequence of amino acid have also been established.

II. Materials aL&. Methods

Cobrotoxin was prepared from Taiwan cobra (ala nala atrA)
venom an previously described (10). TNDS was prepared from a
commercial product of the sodium salt (Tokyo Kasei Co.) as
follows: the preparation was dissolved in I N HCI to make 5
solution and the intensely orange-colored solution was decolorised
by passing through a column of Norit-Celite (0 t 1, by wt.).
By concentrating the filtrate in vacuo, TNIS was obtained as almost
colorless crystal. t-TNP-lysine was syntheaised essentially
according to the method of Okuyama and Satake (5), except that
instead of picryl chloride TMBS was used. The product gave a

single yellow spot (RfaO.40) on descending paper chromatogranm in

I I I I m mm im mmm • • 
•



iso-amyl alcohol a n-butanol I ethanol a 0.1 X4 pthalate buffer,
pH 6.0 (3o a 30 a 11 s 45, by vol.) and gave a positive ninhydria
test. 1 -Ethyl- 3-di mthyl aminopropyl carbodimide-S (SC-HCI)
was contributed frit the laboratory of Dr. Keshlad, Universlty of
California. The C-glycine methyl eater-MCI was prepared from
glycin-2-1IC (Rew England Nuclear) by esterificatioa in MCI-
saturated methanol and diluted with unlabeled glycine methyl
ester-MCI. O-sethylisourea-HCI was purchased from Nutritional
Biochemicals Corp. Trypsin and chyotrypsia were the products @f
Worthington Biochemical Corp. Reagent grade glycine methyl
ester-HC1, urea, guanidine-HCi and iedoacetic acid were purchased
from Nakarai Chemicals, Ltd. All other reagents were of analy-
tical grad.. Urea and iodoacetic acid were crystallized before
Use.

1. Trinitrophenylation of cobretozn with TM

Trinitrophenylation of free amino groups was performed
essentially according to the method of Habeeb (11). Cobrotoxin
solution (2 mg/ml of 4 % NaHCO , pH 8.5) in a series of tubes were
mixed with 0.5 al of 0.3 % TNBS and the reaction was allowed to
proceed at 370. After varying intervals of tim, the reaction
was stopped by the addition of 0.5 sl of 0.4 N HCI. The absar-
bance at 345 su was measured after dilution with 0.1 N HCI and
the number of amino groups trinitrophenylated was calculated

according to the method of Habeeb (11).

2. Stepwise modification of asino uroup with TNBS

In order to differentiate the "essential* aine group(s) for
biological activity, cobrotoxin was reacted with 1.1 and 2.2-fold
molar excess of TNBS, respectively. The reaction was carried out
in 0.1 M borate buffer (pH 8.6) for I h and the product was
chromatographyed on a column of DEAK-cellulose by stepwise elution.
The main protein peak was lyophilized and desalted by passage
through a column of Sephadex G-25. The protein fractions were
then pooled and lyophilizsd.

F7r determination of the position of the wessential" amino
group(s) in the sequence of amino acid in cobrotoxin, the TNP-
cobrotoxin was reduced and S-carboxymothylated (RCM-) under the
procedure described by Crestfield et al. (12) followed by tryptic
digestion. The RCH-TNP-cobrotoxin was dissolved in 0.1 M NH 4 HCQ3
buffer (pH 8.0) to make a 0.5 % solution and trypsin (0 1 1)
was added. Digestion was carried out at 370 for 4 h and the
digest was lyophilised.

TNP-peptido from the tryptic digest was separated by a
combination of high voltage paper electrophoresis at pH 3.6 with
pyridino-acetic acid-water (I t 10 a 89, by vol.) and descending

2
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paper chromatography with n-butanol-acetic acid-water-pyridine
(15 1 3 :12 : lot 'y vol.) as previously described (4). TNP-
peptide was detected as a yellow-colored spot on the paper and the
isolated peptide was proved to be electropheretically hemgenos.

3. Guanidination of cobrotoxiy with O-.ehylipurea

The guanidination of proteins by means ot O-methylisourea
generally leads to selective modification ef the &-aIna groups
in lynine residues, while the reaction dos not affect the *(-amine
group (13). In order to elucidate the correlation of the 0-&mine
group of N-terminal leucine to the biological activity, c-ibrotexin
was first guanidinated vith O-mothylisourea followed by trinitro-
phenylation with TNBS. Guanidination was performed essentially
according to the method of Chervenka and Wilcox (13). Cobrotoxin
(3 p moles) in 2 ml of 0.5 N 0-methyllsourea-HCI solution waa
adjusted to pH 10.8 with 6 N NaOH and the reaction was proceeded
at 40 for 72 h. The mixture was then passed through a column of
Sephadex G-25, and the protein fractions were pooled and lyophi-
lized.

4. Modification of cnrboxy'l groups

The modification of carboxyl groups in cobrotoxin waz

performed essentially according to the method of Hoare andKoshland (8).

a. Modification with EDC-HCl and glycine
methyl eater (partially carboxu (6-CoO )-modifid cobrotoxin):
Cobrotoxin (60 mg) was dissolved in 3 ml of 1.0 H glycine methyl
ester-HC1. The pH was adjjsted to 4,75 and irnwdiately the
reaction initiated by the addition of solid EDC-HC1 to a concen-
tration of 0.2 M. The pH was maintained at 4.75 by the addition
of 1 N HCI and the reaction was allowed to proceed at room
temperature for 3 h. Excess reagents were then removed by
passage through a column of Sephadex G-25, equilibrated with 1 %
acetic acid, and the protein. fraction was lyophilized. As a
result of this experiment, six out of seven free carboxyl groups
in cobrotoxin were modified in the absence of guanidine-HCl.
The resulting 6-COOH-modLfLed toxin showed a single band on disc
electrophoresin and the resulti of amino acid analysis are shown
in Thble III.

b. Modification with EDC-HCI and lycine
methyl ester in the presence of 5 N quanidine-HC! (completely
carboxy (7-COOH)-modified cobrotoxin)s Cobrotoxin (io mg/ml) and
21ycine methyl ester-HCI (1.0 M) were dissolved in 5 N guanidine-
HCI and the solution adjusted to pH 4.75 and reacted with solid
EDC-HCl as described above. Te modified toxin was hemogeneous
by the criteria of disc electropheresis and the amino acid
composition shown in Table IIi.

3



c. Madific-ttion of 6-COOI-oditte$ 5 obrqterin
with EDC-I ond 14-' ecerICt esreo
2,M nndine-ECfl G-CU(Mi:vdifictJ cobrctorin (5)1 u a/Z ial =ud,

"*Cglyinenotylester-11Cl ( 1.0 H4) wervtf Uzelvad fit 5 I* guatni-
dine-RCl * Tite subtcquent procc~euroa qoz u ;torfar-A an described
above.

5. Est=r 1atton cfci ntft of the, "fratntia11'

cobrnoutia

14 Cl
C leb 1d c!7brotozin (3o mig) was rat-dwced and 5-cerhoxy-

methylated u 4c the procedure doicrflied by Cecstfieid et, al. (a2)
foliatred by try,,tic digotion an deacribled above. For isolationof~1 C.tUf~ the C"gest warn fractiounatod 4,- kigh voltage
paper olcctrap:1toroois at p!: 3.6 in pyrtdino-cetic acid-water
(I 1 10 a ) by vol.) on a strip of Toy* floshi. ". 50 at 35 v/cu
for 90 win. Tito paper was, then cut into 2-cu strips cud the

Am* radloactivitt was measured with a Aloka, model flC-4 gas flow
counter. The radioactive- fraction was abalted with I % acetic
acid end further purified by descending paper cuaetegraphy with
n-butr-nolpvcidine-cotlc acid-water (i5 a 10 S 3 t 12, by Vol.).
Tite1 "4 C-T- q4tt dell alted wa hydrolysed with 65 SKI at 105e far
24 h and subjvc;tod to sttn acid analysis. The amino acid
comcaition t~hoivod thst the peptide was derived free residues
Leu~t) - Lye 26) of cobrotoxin.

Thouil " -T-rpnieqf (Ca. 3 no) ebtained free tryptic digost
was dissolved in 0.25 ml Of 0.2 M NHg11C0 1 buffer (pS 8.1) and
0.05 sal of 1',% chymtrypsin solution in the same buffer was added.
The mixture awas kept at 370 for 16 h apd the hydrelysate was
workted up an Idescribed above. The "'CCIpio was subjected
to 1Cande(qradaton and amine acid analysis.

ALamei Adld analysis was performed accerding to the procedure,C. of Spackrrn j. , a. (14) with a Hitachi model KLA-3B automatic
amino acid ax alyzetr. ,Samzles were hydrolyzed viah 6 N SECt at
1050 for 211 1~ The seoquence of amine acid residues In the
isolated ppicowas determined primarily by the Kdman PT'S
procedure as previously described (1). PTH-amino, acids were
Identified t thin layer chrons-.toCraphy.

PaIyacrylatnide gel electruphareris, a.iaurenntn of lethal
toxicity and iLLiufllogical proceduiron parorwed wore eazentially
the sarde an previouo;ly dqncribed (4).

NOT REPRODUCIBLE
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Il. Results

1. Absorption spectrum of IPg-cobrotoxin

As Ghown in Fig. 1, the aborption'spectrum of fully triaitre-
phenylatod cobrotoxin which showed & amimm near 345 And 5
flat at A11-/A2O or was pvrctically the sam as these 074-.124
acids and TNP-pptides reported by 0kuyam and Satake (5) and
Satake et *j. (6) The molar extinction coefficient (1) ot T?-
cobrotoxin at 345 or was found to be 4.76 z to0, i. *., 1.19 z 10
per mole of amino group. This value is very close to these of
TNP--lysine and TNP-ct-amlno group of aine acid and peptides
(5,6). The result indicates that four equivalents of TIP-greup
were introduced into the cobrotoxin molecule.

2. Trinitroghenbyation, p f obrotnicin

As chown in Fig. 2, the reaction velocity of trlnitrophenyl-

ation of cobrotoxin was marcodly influenced by pH of the reactiem
mixture. The reaction proceeds more rapidly in an alkaline
solution and completes rapidly. Ifowever, at near neutral pt the
reaction proceeds very slowly.

The relation between the extent of modificntion and the
lethal toxicity of cobroto-in is shown in Fig. 3. It can be

seen that the lethality decreased rapidly as trinitrophenylatiom
proceeds. The lethality lost almost completely when two or more
amino groups were modified.

3. Status of amino aroiupy cobritexin

In order to differentiLate the "essentl" amino group(s) for
activity ot cobrotoxin, the toxin was initially allowed to react
with 1.1-fold molar excess of TNIS, and the product was purified
by DiAM-cellulose chromatography with stopwie slution. An
electrophoretogram of the tryptic digest of W1-TOP-cobrotexin

revealed only one yellow-colored spot. The spot which represents
the TNP-NH2 containing poptide was elutedg purified by descending
paper chromatography and hydrolysed for amino acid analysis and
paper chromatography. Although only one amino acid, argLnin,
was detected in amino acid analysis, a yellow-colored spot
corresponding to a synthetic E-TNP-lysine and another Sakaghebi
test positive spot were detected by descending paper chromatography
in the solvent system iso-sayl alcehl-n-butanel-ethanel-0.1 N
phthalate buffer, p11 6.0 (3O : 30 t it t 450 by vol.). The

result indicates that the peptide represents the sequence of I-
TNP-Lyn-Arg located at positions 27 and 28 of cobrotoxin since
theso two amino acids do not occur together elsewhere in the
molecule (Fig. 4A). This finding suggostes that Lye-27 In
cobrotoxin is most accensible to trini trophenylatien with TM8.

NOT REPRODUCIBLE



Cobrotozin was further allowed to react with 2.2-fold =star
excess of TNUS and the product we purified as described above.
An electrophoretogram of the tryptic digest of RC-T-cobrotoxin
revealed two yellow-colored apots which represent thea TW-NH2
containing pepttdeo were slated, purified by descending paper
chromatography and hydrolyzed for amino acid analysis and paper
chromatography. One of the two peptides gave the soe result as
above which represents the sequence of t-2RP-Lys-Arg and the ether
peptide gave the following amino compositions Argo.9, C-Cys 3 8 ,
Asp 2 . 9 , Thr 1 , Sere.3, Gluo.9 , Pro1 . 0 , Gly3.1, Ya 11. 0 , Ile,.9 -
The amino actl composition showed that the poptide was derived free

residues Gly(40) - Aro(59) of cobrotoxin (Fig. 4A), indicating
that both £-asino groups of Lys-27 and Lys-47 were trifnitroptnyl-
ated under the experimental conditions

4. Chrgtrization of Lye-I7 TW-cbrotoxin and
Ly-27 & 47 TNP-cbrotouiu

As shown in Fig. 5, both TIP-cobreta ism w re revealed as a
single band on polyacrylamide gel eloetrogbretogram. Lye-I7
TN-cobrotoxtia migrated more slowly toward catfld than cobrotonin,
and Lys-27 A 47 TNP-cobrotoxin migrated toward the opposite side.

No tnreacted cobrotoxin was found in either 2W-derivatives,
indicating that both preparations are electropheretically homo-
gonoun.

As presented in Table 1, complete loss of lethality was

observd when both t-amino groups of Lys-l and Lyeo-7 were
trinitrophenylated. However, the lethality of Lys-27 ?NP-cebre-
toxin remained unchanged, suggesting that the S-amino group of
Lya-27 which is coest accessible to trinitrophenylation is not
essential for lethal toxicity of the toxin.

As illustrated in Fig. 6, the Lys-a7 TlP-c€brotozin gave a

precipitin line of identity with cobrotozin, wbhile Lys-h7 & 47
TIP-cobrotoxin gave none at all on imunodiffuaion in sgar gel
with anti-cobrotoxin sera.

As shown in Fig. 7, Ly-I7 TNP-cobrotoxin gave almost the

same maxinal precipitation as eobroto-rin by quantitative precipitia
reactionn, while Lye-27 & 47 TW'--cbron*=!n Cave almost no preci-
pitate. Thin indicates that the L-anuino group o" Lyn-47 is
essential for the biological activit7 of cohroto=in.

5. Hdifet.jon nf t-nnino uroup

The result ef guanidination of cobretoxin with 0-methyliseurea
showed that eonsent4 ally all three lyal!ne residues wore converted
to homnaroinine (Table 11). The ar-amino group of the terminal
leucine did not react. The guanidin&ted cobrotouin which

NOT REPRODUCIBLE
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retained only one free 0(-amino group was furthcr trinitrophenylated
with Tf13S. The lethal toxicity of the guanidinated cobrotoxin
and of the TNP-guanidinated dorivative remained unchanged (Table 1I),
suggesting that the X-ataino group of terminal leuci-o had no
correlation with the lethal toxicity of the to~in.

The antigenic activity of thosa preorat 3nz w7,a also studied
with anti-cobrotoxin -ec.a. iitatt r iinaLzd cobrotoain or TNP-
guanidinated t,.xin showed almost the aama prccipitin line as that
of cobrotoxin on immunodiffunion in agar col - 6) and preci-
pitates by quantitative precipitin reac-tions (Fig. 0). Tho
results indicate that the C-amino group of cobrotoxin is not
involved in the biological activity of the toxin.

6. Chgracterization of carboyx-sodi ied cobrototAn

The number of modified carboxyl group is determined by
analysis for incorporated glycine. The results of amino acid
analysis of modified derivatives (Table III) showed that six of
the seven carboxyl groups were modified, while the remaining
carboxyl group reacted in the presence of 5 M guanidins-ICI.
This indicate that one of the seven carboxyl groups in cobrotoim
is buried in the molecule, thus becoming unreactive in the absence
of guanidine-HCI. No other amino acid residues in cobrotoxin
were modified.

Since much deduction of the negative charge of carboxyl
groups after modification, both modified toxins migrated further
toward cathod than did cobrotoxin (Mig. 5) and revealed electro-
phoretically as a zingle band. No unreacted cobrotoxin was
found in either modified preparational indicating that complete
modification had occurred under the experimental conditiono.

7. Biolouical activity of carboxy-modified € t

The effect of chemical modification of carboxyl groups on
lethal toxicity of cobrotoxin in given in Table IV. The toxin
with six modified carboxyls chewed little effect oa the lethality,
while modification of all seven carbozyls led to complete loss ef
lethality, suggesting that one carboxyl group which in not
accessible to modificvtion in tha abvenc3 of .... idine-Il in
essential for tho toxicity o! cobrotoxin.

An illurtrnted in FiC. 9, the si:: carboxy-modified cobrotoxin
gave a precipitin line of identity wit:; cobrotoxn, while the
completely carboxy-modified preparati -vo none at all an
tested on immunodiffucion in agar Vel A anti-cobrotoxin sera.

A aliuht dccrcase of antigenic activity wn observed on six
carboxy-modified cobrotoxin as measured by qurntitative precipitin

NOT REPRODUCIBLE
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reactions (Fig. 10). However, the completely ca exy-uodifled
preparation gave almost no precipitate.

8. ldentification of the %burLed carboxrl =a u
essential for the biolgical activity of
cobrgtoxin

In order to identify the "buried" carboxyl group which is
essential for the biological activity of cobrotouia, the *14C-C-
peptide" isolated by the procedure described in Methods was
subjected to amino acid analysis and Edoan degradation. The
14C*C-C-peptide gave the following amino acid compositions

C4-Cys-3.8, Aspl.4, Thrl.0 , Sero.7 , Glul.0 , Gly 3 . . and the N-
terminal amino acid of the peptide was determinea by dman
degradation as glycine. The remaining peptide, after one cycle
of degradation, was subjected to amino acid analysis and gave the
following compositions CM-CySo.8 , Asp1 .2, Thr1 O, Ser1 0 , Glul.0 ,
Glya,. The results indicate that the ".C-&2±tid" was shown
to be the peptide of residues Gly-16 to Asn-ZJ (rig. 4B).
Referring to these results, it was evident that the carbexyl
group in buried state and essential for the biological activity
of cobrotoxin is the r-csrboxyl group of Glu-21.

IV. Discussion

There are four free amino groups in cebrotexin. All four
amino groups could be trinitrophenylated quantitatively by
reaction with TNHS resulting in complete loss of the biological
activity. TNES was shown by Ilabeeb (11) to be a spccifit
reagent for determitning apectrophotometrically the number of free
amino groups in proteins. The procedure provids a valuable tool
for studying the effect of modification on the lethality of
cobrotexin. Complete loss of lethality was observed when more4then two amino groups were modified indicating that of the four
amino groups in cobrotoxin one or r-ore'might be essential for toxic
action. In order to identify the "essential" amino group(s)
stepwise modification with TUBS was carried out. Cobrotoxin was
reacted first with 1.1-fold molar excess of TNBS. S-Amine group
of Lye-27 was the most accessible to trinitrophenylation but the
biological activity unchanged, suggesting that the Lyse-27 is not
essential for the activity of the toxin. However, complete
loss of biological activity was observed when Lys-I. and Lys-47
wore modified with 2.2-fold molar oxcess of TNBS. These results
indicate that the S-amino group of Lys-47 is essential for the
full activity of the toxin.

The guanidination of cobrotoxin re-.ulted in that all Lysine
residues were converted to'homoarglnino without modification of

8



the %-aiqAno group. The reaction revealed no effect on the
biological activity of cobrotoxin.

The above results indicate that the effects of the two

specific reagents on the biochemical and biologicaL properties of
cobrotoxin are different. Trinitrophenylation of cobretozin

converts the positively charged amino group into neutral state
while guanidination yields a substituted group that maintains the
positive charge. Therefore, it is concluded that the positive
charges contributed by the S-amino groups of lysine residues in
cobrotoxin may play important roles in the structural fe&turea

for biochemical functions of the toxin.

The active guanidinated cobrotoxin which retains the only
free 0-amino group might be a valuable tool for-determining the
importance of the o-amino group for activity of the toxin.

Trinitrophenylation of the guanidinated cobrotexin with TNBS did
not alter the biological activity, indicating that the i-amlne
group of N-terminal leucine is not essential for the activity of
cobrotoxin.

There are seven free carboxyl groups in cobrotoxin. Among
the reagents introduced for the mdificatien of carbexylic acid
side chains of proteins the activation by carbodiimide and

attachment of nucloophiles (8,9) appears to be sufficiently
specific. The number of modified carboxyl group is determined
by analysis for incorporated glycine.

In native cobrotoxin six of the seven carboxyl groups were
modified, while the 'remaining one reacted in the presence of 5 N
guanidine-HC1. The six carboxy-modified toxin showed only a
little loss in activity, while modification of all seven carboxyls
led to complete lose of toxicity. In order to identify the
"buried" carboxyl group, cobrotoxin was treated first with nen-

radioactive glycine methyl ester in the absence of guanidine-HCl,

4v and was then incubated with 14C-glycine methyl ester and carbodi-
imide in the presoece of 5 M guanidine-HCI (13). The modified

toxin containing 1 'C-glycine was reduced and.S-crboxymethylated.
The alkylated protein was digested with trypsin to permit chrome-
tographic isolation of a 1 'C-labeled peptide, "1AC-T-Peptide".
The amino acid analysis revealed toat the poptide was derived from
residues Leu-1 to Lys-26. The nlC-T-Peptide" contains two free
carboxyl groups in Glu-2 and Glu-21. Thus, to determine which
free carboxyl group existed in the buried state, the "1C-T-
geptide" was digested with chymotrypsin and a radioactive poptide
was separated by a combination of high voltage paper electropheresis
and descending paper chrouatography. The radioactive peptide
obtained was shown to be the poptide of residues Gly-16 to Asn-23.
This was confirmed by determination of the N-terminal amino acid
residue by Edman degradation.

9



Accordingly, the "buried" carboxyl group In cobretoxia is on
Glu-21 in the sequence of Gly-Cys-Ser-Gly-GlyGu(2)-Thr-Asn, and
this carboxyl group is essential for the biological activity of
cobrotoxin.

V. Conclusion

The status of free amino groups in cobrotexin was studied by
stepwise modification with trinitrobensene suLfeute. Lys-27 was
selectively modified without altering the activity of cobrotoxin.
However, complet- loss of the activity was observed when Lye-27
and Lys-47 were triftitrophenylated, suggesting that the t-amino
group of Lys-7 is essential for the activity of cobrotoxin.
The 4K-amino group of N-terminal leucine had net any correlation
with activity yes demonstrated by guanidinatioa of the lysine
residues with 0-methylisourea followed by trinitrophenylation of
the K-amino group.

The carboxyl groups in cobrotoxin were mdified with glycine
methyl easter after activation with water-soluble carbodilmLde.
Six out of seven free carboxyls reacted in V i absence of guani-
dine-HCl without altering the biological activity, When the
remaining carboxyl was modified in the presence of 5 N guanidine-
HCl, the resulting toxin was devoid of activity. This "buried"
carboxyl is essential for activity and was identified as the

r-carboxyl group of Glu-21.
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APPWiDE: A- i

Table I

Effect of trinitrphenylation an lethal
toxicity of cobratouin

Number .f Lethality
nijP-Nfl2  W%

Cobrotoxia 0 too

Lye-a? TNP-cobrotoxins 1 100

LYS-27 & 47 TNP-ebretein** 2

Trinitrophenylation was carried eat In 0.1 N borate buftier
(P11 8.6) vwith 1.1-Told' and 2.2-fold" melar exceas of
TNDS, rccpectivcly, at ros taperature (250) for IIt
Thec product vas purified by cbroatugraphy en a colcwtn of
DLAL-celtoaopo vith atepviso elation.
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APPENDIX A-2

Table II

Modification of o(-a*6no group of cobrotaxin

Anino acid residues found

Leucine Lysin. Houmarginine

Cobrotoxin 1 3 0 100

Guanidinated
Cobrotoxin 0.81 0 2.7 100

TNP-guanidinated
Cobrotoxin* 0 0 2.7 100

* Tr~nitrophenylation of the guanidinated cobretoxin yas carried
out in 0.1 M borate buffer (pH 8.6) with 10-fold molar excess
of TNBS.

4L9
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APPENDIX A-3

Table III
Amino acid cempaton Of cobrotozin ft" corb*3xy..

mdi t~jdcrivatives

Reuidu~s par male of proln

Nodli±d towtt,.,&
Amtino acid Cobrotoxi0  In H120 in

(PH 4.75) Owadi...
"ClAnpartic acid88o 
,Throonin.* 88 0.

Serino. 4 4.t 4.oGlut&Wgjc acid 7 7.2 7.4Praline,21. 
.G lycigs, 2 I LL I

Ata in. 
-

-tn

Valjgi 
.14

Nethionia.-

Tsoleucine 2 2s.0 2.0*Loucino 
1 0.9g 0*4lyrosia* 2 1.9 lotPherkylaaift

Lqsiu.* 3 a.9 2.9EU atidifte 21919
Ar ia n*6 6.o 6.0
tr pt pb h1 110 1.0

*All values In modifig 4 a espnn~sa orratio. based @5 isoleucL..eaZ&o. xrs* me

t44



£PPVIX AA~

Table It

11ificatlon ef carbozyxl oroups In cebretmzdn vith
glyclne methyl ester after activatleo by sluble carbe"|iAde

b~ditled lethality
carboxyl greups 4%)

Cebretoxin too

In H o (pH 4.75) 6

-~ In 5 N Gseanidine-NCU 7 0

nl II IIj



APPENDIX 53-I

5.0 TNPabrotogka

4.0~

Ilk

Fig.~~ ~ 1. Asrto Icr tserUI df~Ytil

*rpeyae 3.0oe~a

Abopto spcr of'ae~~uwmmaurdi 9
pb'htebfe VU .0 x eertinin .1N M



APPMZDI V-2

P11 9.8

40.3-
*6.

0.2

0 40 so

UnI (MS)

Fig. 2. fect Of 10 an t"e triVitr*Pb*WupIati ot Csh'etomas

IrInitophenylatiem oft cebrotezim Was carried ot at remm
temperature (250) In I4Cm quartz spectrephesteu cell.* I of
of cobrotoxin was issuolvedinL 3 at of bettor solution sod
the reaction was Initiated bY the addition of 10-fold Mier*
excess of TMD. At *0itoble Intervals of tim.tbe optical
density at 315.5mawas i',&cotded. 4m. N% WO (PH p.S);

1- 091 9 ot buffer (PH 8.6);1 X'-f 0.1 H phosphate
buffer (PH75)
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APhNIX D-)

4 too

a~ 'Guima. C E

81

tV

LZTVV-LITY

0 10 20 30 40 so 6a

-4 TIM (a)

Flo. 3. Trinitropbonylstlon of free Sis poups and
decroasm of lothal toxicity.

2 mg of cobrotozin was dissolved in t a1 at 4 %4 %aCO
(! 8.5) and 0.5 01 of 0. % TNSS inapmwaad..
Renction was allowed to proceed at 3r-. After suitable
ini;ais of tin, aliquots were takes t dteninatioc. of
lothality and the absorbency at 34 .
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APP&NDZX .9-5

9 1 Cobrotozju

I Lya-27 IM-C

9 Lyw-27 0, 47 U-

8 7 6 5 4+

Start

Fig. 3# Poiyacryiaaid* 9*1 &*Ctr*Phrtogra. of cobrotaxin,
IMP-cobrotoxin ad carbozy-mdltied derivatives.

gtactrophorests we* carried out in veros" buffer (VU 8.6,
jL-0.0.5) at 250 V for 16 Im at 0, Lyw-27 ?UP-Cq loys-27 trini-
trophenylated cobrotozin; Lys-27 A 47 IMP-Ct Lys-27 &k 47 trint-
trophenylatod cobraetoxin; 0-COOK Csix carboxy-nedl tied cabrotexin;
7-COOK C. *even carbozy-sodified cobretezia.

20'



_ 0 (q4VJ O,

fig* 6. Iimd~ffasion In &ar ee]L.

a Central wells Anti-eobrotexin sets.

3urrtmng velts (1) Cabrotomin; (a) Lys-27 T3IP
cobreting (3) Lys-27 & 47 TNP-cbretoziag (4) Otasal-
dinated cobre~ma; (5) THP-gtandiuat.4 obrotexi..o



APEDIX 31-7

0. to

S 0.05
loys-l? 47 IM2 C

*0 to W0 30 4

£321033 (pe?

fie. 7. Quantitative precipt tin reactiese of cebretesis
ad Its UPf-derivatives with auti-oebreteuis s.a

0.1 at of antisera were used in each ears of fle amaylss
*--, Cobrotnrin; *Am4, LYS-l7 TU-cebrintua; th

Lye-a? & 47 HP-cebrteniint.
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APPENDIX BS-S

0 C*rtoi

0.10

)Ii'4Guanidinated C

t.3 0.10- /'2l uandintd C

0 10 20 30 40

ANTIGEN (Yo)

fig. 8- Quantitative precipitin reactions of cobrotozim,
guanidinated cobrotoxin and TNP-guanidinated derivative
With askti-cobrotoxin sera.

0.A ulof antimsra were uucd in each carlo of the analysis,
at. Cobrotoxint A-t, Gunnidinutod -obrotoxinj

4-~, TNP-guanidinatad cobratoxin.

n3_____



APPENDIX 83-9

Fig. 9. Lmmunodiffusion in agar gel.

Central veils Auti-cobrotosin sera.

Surrounding weimi (i) Cobrotouin; (2) Six-carbnxy-
modified cobrotouin; (3) Seven-carboyeeodiflSd cobra-
toxin; (4) 0.15 N HaCk.
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APPENIDIX B-io

0.25'-

*Cobrotoxin

o0*2.0 e N

0-
COS

/-OHMdfe -CO

0 t0 20 30 4.0

AZ4TIGSM (ps)

Dig. 10. Quantitative precipitin reactions of cobrotoxs
and the carboxy-..odi fiee cabrotoxin with anti-cobroein
sera*

0.4 al of the antisera were used in each case of the
analysis.' 0----@, Cobrotaxin; A-A, 31= carboxy-
modified cobrotoxing A---A, Seven carbolyj-modif ted cobre-
toxin.
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